Background We developed and validated a Patient Satisfaction with Cancer-Related Care (PSCC) measure using classical test theory methods. The present study applied item response theory (IRT) analysis to determine item-level psychometric properties, facilitate development of short forms, and inform future applications for the PSCC. Methods We applied unidimensional IRT models to PSCC data from 1,296 participants (73 % female; 18 to 86 years). An unconstrained graded response model (GRM) and a Rasch Model were fitted to estimate indices for model comparison using likelihood ratio (LR) test and information criteria. We computed item and latent trait parameter estimates, category and operating characteristic curves, and tested information curves for the better fitting model. Results The GRM fitted the data better than the Rasch Model (LR=828, df=17, p<0.001). The log-likelihood (−17,390.38 vs. −17,804.26) was larger, and the AIC and BIC were smaller for the GRM compared to the Rash Model (AIC=34,960.77 vs. 35,754.73; BIC=35,425.80 vs. 36,131.92). Item parameter estimates (IPEs) showed substantial variation in items' discriminating power (0.94 to 2.18). Standard errors of the IPEs were small (threshold parameters mostly around 0.1; discrimination parameters 0.1 to 0.2), confirming the precision of the IPEs.
Introduction
Patient satisfaction with cancer-related care is an important dimension of the quality of cancer screening or treatment [1] [2] [3] . As a consequence, patient satisfaction is frequently used to systematically quantify the extent to which patients' health care experience matches the level and quality of care they expect [4, 5] . Previous studies have reported significant associations between patient satisfaction and health status, treatment adherence, quality of life, as well as the relationship with, and quality of communication between patients and their health care providers [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Patient satisfaction was one of the four core outcomes evaluated in the multicenter collaborative Patient Navigation Research Program (PNRP), which was undertaken to reduce cancer disparities for socially disadvantaged and medically underserved individuals from racial-ethnic minority and lower socioeconomic groups in the USA [17, 18] . The PNRP, funded by the National Cancer Institute and the American Cancer Society, evaluated the benefits of linking patients with trained patient navigators (both lay and professional) who helped patients identify and overcome cost-related, informational, attitudinal, and logistical barriers to accessing and utilizing timely cancer-related care (e.g., follow-up of abnormal cancer screening, definitive cancer diagnosis, or initiation and completion of cancer treatment) [19] . Using classical test theory methods, the PNRP also developed and psychometrically validated the Patient Satisfaction with Cancer-Related Care (PSCC) [19] .
The present study involves an innovative approach to integrate the perspectives and concerns of medically underserved cancer patients into their clinical care process. We undertook item response theory (IRT) analysis to psychometrically characterize individual items of the PSCC. Item parameter estimates (e.g., difficulty and discrimination/slope parameters based on item characteristic curve) from the present analysis can be used to improve assessment of the satisfaction levels of cancer patients in future studies. For instance, scores from different subsets of items of the PSCC (e.g., different versions of short forms) can be directly compared based on IRT item parameter estimates. Additionally, IRT parameter estimates from this study will be useful in clinical and research settings with limited resources (e.g., small sample size) where item-level estimates on the PSCC cannot be readily obtained. Finally, IRT parameter estimates will provide information about the psychometric properties and difficulty of specific test items to facilitate tailoring of subset of items to individual patients using a computer adaptive testing (CAT) system. Some of the advantages of using the IRT in lieu of the CTT are as follows: (1) The IRT analysis will provide a latent satisfaction score that will explicitly account for measurement error for each patient, whereas the CTT score is a raw sum score that does not account for measurement error; and (2) the IRT analysis will facilitate the assessment of conditional measurement precision. For example, the IRT analysis can help us understand whether the PSCC is best suited to assess patients with high satisfaction level or those low satisfaction level. In contrast, the CTT analysis treats reliability or measurement precision as a constant. Using IRT analysis, which focuses on item-level analytics (in contrast to CTT, which generally focuses on the whole scale) will allow us to modify or revise each item of the PSCC based on individual item psychometric properties. Additionally, the item-level information will enable CAT that is not obtainable using classical test theory methods. IRT-based CAT system will help reduce item burden without sacrificing measurement precision, and will provide an accessible, repeatable, and reliable tool for assessing and monitoring patient satisfaction across the cancer care continuum.
In summary, the present study provides extensive psychometric validation of the PSCC using IRT analysis to complement previous psychometric validation of this measure using classical test theory methods. This approach will inform and facilitate the adoption of the PSCC in cancer outcome research and evidence-based clinical practices.
Methods

Participants
The present study includes data from a multicultural sample of 1,296 participants who completed the PSCC as part of their participation in the PNRP. Participants read and provided signed informed consent to indicate their voluntary participation in the PNRP. The sample included 180 Whites, 277 Blacks/African Americans, 238 Asians, 3 American Indians or Alaska Natives, 210 Hispanics or Latinos, and 16 other races/multiple races. These participants presented with either an abnormal cancer screening test result or a definitive cancer diagnosis (i.e., breast, cervical, colorectal, or prostate cancers). The sample ranged from 18 to 86 years of age and included mostly medically underserved women from racial-ethnic minority populations and lower socioeconomic and education backgrounds. See Jean-Pierre et al., 2011 for additional sample characteristics [17] . The large multicultural sample of the present study will facilitate generalizability of the findings (See Table 1 ).
Procedures
Medical staff at participating clinics and hospitals referred participants to the PNRP. A research assistant met with each participant to determine eligibility for enrollment in the study. Eligible participants were randomly assigned to standard care or patient navigation by a trained lay patient navigator from their community. The PSCC was read aloud to minimize possible effects of respondents' low literacy on response outcome.
Measures
Demographic and clinical characteristics We assessed demographic and clinical characteristics, including age, sex, raceethnicity, primary language, income, education, marital status, whether the patient received care related to evaluation of cancer screening abnormalities or treatment of cancer, and cancer types (i.e., breast, cervical, colorectal, or prostate), using questionnaires and/or data abstracted from medical records.
Patient satisfaction with cancer-related care (PSCC) A multidisciplinary team of clinical researchers developed the PSCC measure. Members of the team had expertise in measurement development and psychometric validation, biostatistics, cancer research, and experience in clinical care and treatment of medically underserved racial-ethnic minorities and the poor. The development of the PSCC was described in a previous manuscript [17] . Briefly, the measurement development team discussed relevant domains of patient satisfaction with cancer care that will be relevant to the PNRP, reviewed existing satisfaction measures, selected, modified, and developed new PSCC items. Additionally, the team discussed the relevance of each item of the PSCC with experts and a few patients during the item pool development and pre-pilot phases of the study.
PSCC items are rated on 5-point Likert scales: "1= Strongly Agree", "2=Agree", "3=Neutral", "4=Disagree", and "5=Strongly Disagree". A lower PSCC total score indicates higher satisfaction level. Agreement or disagreement with the PSCC items connotes satisfaction or dissatisfaction, respectively. The PSCC items could have been worded to ask directly about how satisfied a patient was, for example, that his/her "health concerns were understood". However, the PSCC development team intended to stimulate more objective and factual responses to the scale items by phrasing them as we did to facilitate a coherent set that explained the construct of satisfaction with cancer care. At the time of the development of the PSCC, the team understood that it was possible that a person could have agreed that doctors communicate well but still have concerns with his/her specific doctor-patient communication because of personal factors that are beyond doctors' control (e.g., a patient feeling that he or she did not communicate well by failing to ask certain questions or making inquiries while communicating with the doctor).
The psychometric validation of the PSCC using classical test theory and principal components analysis (PCA) revealed a one-dimensional structure. The PCA revealed that the scale accounted for 62 % of the variance in patient satisfaction. Parallel analysis suggested one underlying dimensional as well, with only one eigenvalue larger than the 95th percentile of eigenvalues obtained from randomly generated parallel samples. The largest drop also occurred between the first and the second eigenvalues. A confirmatory factor analysis (CFA) with a single factor model fitted to the data revealed all large factor loadings, ranging from 0.6-0. of violation of unidimensionality [20] . Therefore with adequate evidence of unidimensionality we did not pursue further with local dependency tests. The latent structure of the PSCC was replicated across different samples and time points. Reliability analysis revealed a high internal consistency for the PSCC, with Cronbach coefficient alphas ranging from 0.95 to 0.96. Face validity as well as discriminant and convergent characteristics of the PSCC were also demonstrated [17] .
Data analysis
We applied one-dimensional IRT models to PSCC data from the 1,296 PNRP participants. Two IRT models were fitted to the data: an unconstrained graded response model (GRM) and a constrained GRM (i.e., Rasch Model) in which all discrimination parameters across items were fixed to be equal [21] . The response scale for the PSCC goes from k=1 to (m+ 1), where m=4 for the 5-point Likert scale of this measure. The GRM posits that the probability of scoring at or above category k on item j at a given level of latent trait θ is as follows: where k=1, 2, …, m+1; X j is the participant's response to item j; α j is the discrimination parameter, and the β jk ′s are the threshold parameters. In fact, β j0 is never estimated and by definition is -∞. By the same token, β j(m+1) =∞. This implies that P j1 * (θ)=1 and P j * (m+1) (θ)=0. For a 5-point Likert scale, β j1 −β j4 will be estimated. For a polytomous item (i.e., more than two response categories), the number of threshold parameters to be estimated is the number of response categories minus 1. The discrimination parameter generally indicates how much an item can discriminate between patients with different latent satisfaction levels. The threshold parameter of β jk represents the "hurdle" (i.e., the point where the latent trait level leads to an equal probability of endorsing either of two adjacent response categories) on the latent satisfaction continuum between score category k and (k+1). The probability of scoring exactly k, denoted by P jk (θ), therefore is P jk * (θ)−P j(k+1) * (θ). For instance, for the 5-point Likert scale of the PSCC,
The GRM is a widely used IRT model for Likert-scale data when dealing with unidimensional measures [22] . The Rasch model, however, is a more parsimonious model for which fewer parameters need to be estimated [21] . The Rasch model could be a good alternative when it offers comparable fit to the data. Therefore, we obtained model fit indices, including loglikelihood, Akaike's information coefficient (AIC), and Bayesian information coefficient (BIC) for both the GRM and the Rasch model. Then, we computed a likelihood ratio (LR) test to compare the two IRT models (viz., GRM and Rasch model). Finally, we obtained item parameter estimates and latent trait parameter estimates (i.e., patient satisfaction), category characteristic curves, operating characteristic curves, and test information curves for the better fitting of the two models. We used SAS 9.3 and IBM SPSS statistical software for the PCA and CFA analyses. We used IRTpro for the Item Response Theory (IRT) analysis. 425 .80) to the PSCC data was substantially better and more appropriate. Additionally, the enhanced fit of the GRM fully compensated for the additional parameters it inflicted. Thus, for our subsequent analyses we focus solely on the GRM. It should be noted that in the original PSCC, the response scale goes from "1=Strongly Agree", "2=Agree", "3=Neutral", "4=Disagree", and "5=Strongly Disagree". Items of the PSCC were appropriately reverse-coded as needed during the initial validation of the measure. In the present analysis, the first response category in the response curves refers to the "Strongly Disagree" category (See Fig. 1) . Table 2 provides GRM estimates of the item discrimination (α i ) and threshold parameters (β i1 −β i4 ), as well as estimates of their standard errors (SE). Item discrimination parameter estimates range from 0.94 to 2.18. Additionally, the good dispersion of these estimates suggests that the GRM would better fit the PSCC data than the Rasch model, which assumes that all the items have equal discriminating power. Because the GRM fits better, simply adding up scores on the 18 items will not produce the optimal estimate of the latent-level satisfaction of a patient. Instead, a composite of weighted item scores should be used, where item weights depend on item discrimination. Equivalently, we could use the maximum likelihood estimate of θ [23] .
For the PSCC, which utilizes a 5-point Likert scale, there are four threshold parameters for each item. The first threshold parameter indexes the "difficulty" (i.e., satisfaction level) needed to reach the second response category. The second threshold parameter indexes the satisfaction level needed to reach the third response category from the second, and so on for the third and fourth threshold parameters. Not surprisingly, our analyses revealed that threshold parameter estimates increased from the first threshold through the fourth. Standard errors of the item parameter estimates were generally small (mostly around 0.1 for the threshold parameters, and from 0.1 to 0.2 for the discrimination parameters), suggesting the item parameter estimates we obtained were quite precise. Figure 1 shows the category response curves for each item. Each curve in each plot represents the probability of endorsing a certain response category. For example, the black curve shows how the probability of endorsing the first response category (i.e., "Strongly Disagree") changes as a function of variations in satisfaction level. This curve is higher at the lower end of the latent trait (see the horizontal axis), indicating that patients who are very dissatisfied with the cancer-related care they received tend to endorse the lowest category on this item. As the latent trait increases, the probability of endorsing the first category decreases while the probability of endorsing the other response categories increases. When the satisfaction level is very high, patients tend to endorse the highest response category (i.e., "Strongly Agree").
With the exception of item 18 (i.e., "My regular doctor was informed about the results of the test I got"), the third response category generally has a low endorsement across the latent trait continuum (Table 3) . For example, with item 8 "Making an appointment was easy", the category characteristic curve (CCC) of the third category (the green curve) is almost flat, indicating that across the latent trait continuum, the probability of endorsing the third response category (i.e., "neutral") is quite low. From descriptive statistics, it is straightforward to find out that the overall endorsement of the category "neutral" is low for an item, but it is only with IRT analysis that we can determine if the endorsement is low across the latent trait continuum. This suggests that the response scale can be safely reduced to four categories if desired. In item parameter estimates, this is reflected by threshold parameters that are close to each other. For example, Table 2 shows that β i2 and β i3 are generally close to each other, while β i1 and β i4 are relatively far from their adjacent thresholds. Figure 2 shows the operating characteristic curves (OCC) for each item. The OCCs can be derived from the CCCs, or vice versa. Additionally, both OCC and CCC can be derived from the item parameter estimates in Table 2 . Each OCC curve represents the probability of responding in a certain category or higher and how this probability changes as a function of the latent trait level. Note that there are only four curves for each item in the OCC plot but five CCCs per item. This is because the probability of scoring in the lowest category or higher is always 1 and consequently that OCC curve is omitted. The OCC curves, from left to right, represent the probability of responding to category 2 or higher, 3 or higher, and 4 or higher. We can see that the middle two curves almost overlap each other for many items (e.g., item 8 "Making an appointment was easy" and item 9 "I knew what the next step in my care would be"), with item 18 as an exception. This is another way of showing that the third response category adds very little information at any level of patient satisfaction. Additionally, we plotted item information curves and found that most of the items have bimodal information that generally peaks between θ=−2.0 and −1.5, and between 0 and 0.5 (Fig. 3) . Items 8, 9, and 18 have markedly lower information across the latent trait continuum than the other items, suggesting that if a short form of PSCC were to be developed, these items can be dropped without decreasing the scale reliability, given that the PSCC is unidimensional. On the other hand, item 2 should be retained because one of its information peaks occurs around θ between −1.0 and −0.25, where most other items fail to yield large information. Retaining item 2 therefore allows us to better measure patients whose satisfaction level is within that range. Using CTT analysis, we only obtain a general measure of information integrated over the entire range of θ and will lose such local distinction [23, 24] . Most items are informative within the −2.5 to 1.0 range, which is beneficial because most people fall within this range on the latent trait (Fig. 3) . Further, people above 1.0 are quite satisfied with the care they received. It is those patients who are dissatisfied with the care they received that warrant concern. Hence, items informative in the range of −2.5 to 1.0 are especially valuable. Aggregating the item information curves produces a test information curve that demonstrates a similar pattern, suggesting that the PSCC is appropriate for patients whose satisfaction level is in the −2.5 to 1.0 range (Fig. 3) .
Discussion
We used unidimensional IRT analysis to evaluate the psychometric properties of the PSCC at the item level. IRT techniques are increasingly applied in measurement standardization (e.g., attitude measurements, behavioral ratings, and clinical testing issues) [25] [26] [27] [28] . Additionally, IRT analysis provides a convenient means for selecting an optimal subset of test items for individual examinees and for equating scores across different subsets of items for different examinees (or across time for the same examinee in a repeated measurement condition). Further, if only a subset of items of the PSCC (e.g., a PSCC short form) is used on another population, the corresponding item parameter estimates can be consulted and the satisfaction level of people from that population can be computed accordingly. Overall, the results confirm previous classical test theory analyses by showing that the PSCC has good psychometric properties and internal validity. The GRM model fits the PSCC data well, and the item parameter estimates obtained with this large PSCC data set are relatively precise. The findings suggest possible ways to improve the PSCC measure. For example, the "neutral" response category can be removed, and items 8, 9, and 18 can be revised if needed. Also, if an overall short form of the PSCC was needed, these items may be omitted without compromising measurement precision. Nonetheless, content representation would need to be considered. Information   item1  item2  item3  item4  item5  item6  item7  item8  item9  item10  item11  item12  item13  item14  item15  item16  item17 Additionally, the results of this study provide a precise characterization of the psychometric properties of each item of the PSCC through item parameter estimates and graphic representations (i.e., category characteristic curves and item information curves). The item parameter estimates obtained from the present study with a large multicultural calibration sample of 1,296 participants are accurate, generalizable, and can be readily adopted by other researchers in future studies that use the PSCC to estimate latent patients' satisfaction level with cancer care.
The present IRT analysis of the PSCC offers many advantages over the previously conducted psychometric validation using classical test theory (CTT) methods. Specifically, the present analysis provides item-level information that complement data from the CTT. The findings of the IRT analysis may help shorten the PSCC, obtain various parallel short forms, and evaluate the performance of these shortened measures across different times and/or examinees. The present study is also instrumental for the development and examination of a future CAT system to help tailor the PSCC to patients' satisfaction level, and could also allow patients' latent satisfaction scores to be made immediately available to their clinical care providers. This strategy, if successfully implemented, could help improve patientcentered care by enhancing patient-clinician communication, increasing clinical care providers' understanding of patients' health care expectations, and facilitating the integration of patients' perspectives and their evaluation of the cancer care they received into their treatment process.
